We have observed a new, strong feature at 47 cm ' in the first-order Raman spectrum of ionimplanted GaAs, prior to any anneal. It is not present in the Raman spectrum of either amorphous or single-crystal GaAs. The peak is strong between excitation photon energies -1.5 and 2.2 eV.
I. INTRODUCTION
Ion implantation is a means by which disorder can be introduced into crystalline GaAs (c-GaAs). The damage incurred during this process results in a state intermediate to the amorphous and crystalline forms. The resulting material is a mixture of microcrystalline and amorphous GaAs, as has been substantiated by spectroscopic evidence. '
The spatial-correlation model has been successfully used to characterize the microcrystalline component of the Raman spectrum in ion implanted GaAs. The physical basis for this model is that finite crystallite sizes (L) will affect long-wavelength phonons (on the scale of L). This results in a relaxation of the usual k=O selection rule and permits a range of phonon k values (b,k -1/L) to participate in first-order Raman scattering. The resulting spectrum, for (001)-oriented GaAs starting material, exhibits a longitudinal-optical (LO) phonon which shifts down in frequency and broadens asymmetrically.
In a previous paper, we have discussed measurements of the LO scattering intensity for 45-keV Be+-implanted GaAs. The intensity of the LO line is observed to decrease with increasing ion fluence, corresponding to increased host lattice damage. The decreasing LO scattering intensity is attributed to a decrease in the optical penetration depth (scattering volume) and to a decrease in the fraction of the scattering volume which is still crystalline, as larger volume fractions of the substrate are converted to amorphous GaAs (a-GaAs). By varying the excitation photon energy (fico) we also observed that the LO Raman-scattering intensity partially retained its resonance with the E& electronic interband transition. Over a photon-energy range of 1.55 to 2.2 eV the LO scattering intensity was found to depend solely upon the scattering volume. That study is the first study of the photonenergy dependence of the Raman emission process in ion-implanted GaAs. Berg and Yu have discussed the effect that highenergy electron and neutron irradiation has on Raman and resonance-Raman processes in GaAs (both bulk and defect related). In their case, the irradiation creates high-density point defects, leaving the material primarily crystalline. Due to the deep penetration of their light particles, they probed a region of macroscopically uniform damage (homogeneous on a scale of 1000 A or greater), even near Eo where the optical-absorption coefficient is radically changing. They discuss resonance-Raman scattering for a variety of processes in disordered GaAs, particularly for the case of defectassisted first-order Raman scattering.
In the present work we discuss the nature of a newly observed strong feature in the Raman spectrum of ion bornbarded GaAs: a relatively narrow, strongly resonant, 38 6097 1988 The American Physical Society
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low-frequency band. mined. We find that z(x', x')z and z(y', y')z result in identical spectra.
IV. DEPENDENCE OF a-GaAs AND LO PHONON SCATTERING INTENSITIES ON duo
In Fig. 6 we display the photon-energy dependence of I" the integrated intensity of the a-GaAs component We therefore propose a mechanism for the strong scattering of GaAs acoustic phonons via a defect-assisted Raman-scattering mechanism (vii). The "defects" in this case are the microcrystal-amorphous interface, or "surface" regions, which are present in implanted GaAs but absent in either crystalline or amorphous GaAs. Because the disordered material has a much lower electronic mobility, photoexcited electrons will not readily travel from the microcrystallites into the a-GaAs. Thus, the interface elastically scatters electrons, resulting in a mom. It is sufficient, in this analysis, to simply impose this elastic scattering, which serves only to alter the electronic wave vector, thereby breaking the k =0 restriction.
In Fig. 8 Based upon this, the LO line of the microcrystalline remnant is seen to resonate with the approaching E& interband electronic transition near 3 eV (Fig. 7) , and not with the ED transition critical points in the density of states. The resonance is similar to reported allowed-TO measurements on c-GaAs, as expected for features arising from the crystalline component of the implanted material.
A is seen to resonate somewhere between E0 and ED+60, but not near E, (Fig. 8) 
